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(57) Abstract: In an optical disc drive, a laser light source emits a laser beam having an intensity changeable with the amount 
of drive current supplied. A first photodetector receives the laser beam reflected from an optical disc, thereby generating a readout 
signal. A second photodetector receives the laser beam, generates an electric signal representing the power of the laser beam received, 
and outputs the electric signal as a light quantity detection signal. A feedback control loop compares the level of the light quantity 
detection signal with a predetermined tai^et value and regulates the drive current such that the level of the light quantity detection 
signal approaches the tai^et value. In reading data from the optical disc, the target value is changed so as to compensate for a variation 
of the sensitivity of the second photodetector, thereby controlling the power of the laser beam emitted from the laser light source. 
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DESCRIPTION 
OPTICAL DISC DRIVE 

TECHNICAL FIELD 

5 The present inventign generally relates to an optical disc drive. More 

particularly, the priesenl invention relates to an optical disc drive fqr reading and 
writing information with a short wavelength laser beam, which falls within the 
. yiotet wavelength range, while controlling the powiBr of the laser beam 
automatically. 

10 • : 
BACKGROUND ART 

Recently, optical disc drives with both reading and writing capabilities, 
such as DVD-RAM recorders, for example, have been rapidly popularized. In 
writing data on a rewritable optical disc, the power of a laser beam (which will be 
15 referred to herein as the "laser power") needs to be adjusted appropriately, 
which is one of the most important issues for rewritable optical disc 
technologies. 

A recordable optical disc includes a data storage layer, which is made of a 
phase change material such as GeTeSb, for example, on a substrate. In writing 

1 
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data on such an optical disc, tliis data storage layer is exposed to a relatively 
high-power laser beam. Then, a portion of the data storage layer, which has 
been irradeated by the laser beam, comes to have a Ipcally increased 
temperature, ttiereby changing the "phase" of the data storage layer due to the 

« 

.5 heat generated. More specifically, that laser-exposed portion of the data storage . 

■ . ~ ■ ' ■ '". ' ■ . •'; . ■ ■ .' 

layer chang^ finom the crystal pha^e to the amorphous phase; Such an 
' amorphous portion 6f the layer will ftjnctidn as a recording mark! Accordingly, 
- when the data writing process Is completed, rhultiple recording marks and spaces 
win be alternately fomried along the tracks. In this case, those recording marks 

10 have a different refractive index from the spaces, thus, when the tracks on the 
data storage layer are irfaideated by a laser beam that has too low an intensity to 
change the crystallinity of the data storage layer, data can be read out from the 
data storage layer according to the intensity of the reflected light. In this manner, 
when reading data from such an optical disc, the power of the laser beam should 

15 be defined weak enough to keep the crystallinity of the data storage layer 
unchanged. 

However, various problems will arise unless the laser power to write data 
on such an optical disc (which will be referred to herein as "write power") is 
controlled to an appropriate level. For example. If the laser power is too weak, 

20 then the exposed portion of the data storage layer will not be heated well enough 

2 
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to cause the phase change, and the infomiation will not be written as Intended; 
On the other hand, if the laser power is too strong, then the laser-exposed and 
heated portion will expand its area so much that a portion of the information 
previously recorded , on an adjacent trapk rnight be cross-erased. To overcome 

5 these problems, an opticail disc drive nprrnally has the function of controlling the 
. . laser power to ah appropriate level during a data write operatiori. When such an 
optical disc drive starts to work with an bptiqal disc loaded thereto, the optical disc 
drive, first of all, carries out a self calibration, that is, a sequisnce of optimizing the 
\Nr\ie power. The best write power level is not the same among various types of 

10 the specific optical discs loaded- 

On the other hand, not only the cross-erasing but other problems will not 
occur as long as the laser power to read data from such an optical disc (which will 
be referred to herein as "read power") is weak enough to keep the crystallinrty of 
the data storage layer unchanged. For that reason, even when the conventional 
15 optical disc drive starts with such an optical disc loaded thereto, the optical disc 
drive never carries out the sequence of optimizing the read power. 

However, the present inventors discovered and confirmed via experiments 
that if the read power was not weak enough, then the temperature of the laser- 
exposed portion of the data storage layer slightiy increased to reach the vicinity of 
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the phase-changeable level (i.e., from the amorphous level to the crystal level). 
Accordingly, if a portion of the data storage layer with a recording mark is 
irradeated by the excessive reading laser beam, then the recording mark in the 
amorphous state might be recrystallized at least partially. In that case, the quality 

5 of the irifomnation stored there wouid dieteriorate and sufficient read stability could 
not be maintained anymore. Such a decrease jn read stability due to the . 
e>q30sure to tliat slightly intense reading laser beam will be referred to herein as 
"read light induced deterioration". On the contrary, it' should be noted that if the 
read povyer is too weak, then the readout signal cannot have a sufTicientiy high 

10 SNR and read errors are very likely to occur. 

Japanese Laid-Open Utility Model Publication No. 63-062930 discloses a 
technique of performing a feedback control operation such that the modulated 
writing laser power is equalized with an average of binary information to be 
written. 

15 Japanese Laid-Open Publication No. 06-139578 discloses a technique of 

optimizing the write power highly precisely by trying writing a test pattern of a 
particular signal. 

Japanese Laid-Open Publication No. 06-250673 discloses a technique of 
saving the trouble of starting the same optimization search all over again by 
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storing the result of such trial writing. 

Japanese Laid-Open Publication No. 12-251266 discloses a technique of 
increasing the write stability by sufficiently decreasing the laser power while data 
is being read. ' • 

Each of these conventional techniques was developed on the assumption 
that th6 laser power arrays be detected accbirateiy. Also, each of these 
techniques requires that a feedback control be done to control the laser power 
detected at a predetemnined target value. 

Recently, however, to Increase the storage densities of optical discs, short- 
wavelength laser light sources have been developed and gradually adopted in 
actual optical disc drives. For example, the conventional red laser light source is 
going to be replaced by a blue laser light source. This trend will be more and 
more accelerated because the shorter the wavelength of a laser beam emitted, 
the smaller the size of the laser beam spot on the optical disc. 

However, the shorter the wavelength of the laser beam is, the higher the 
energy of light impinging on a photodetector for detecting the laser power 
becomes. The energy of light per photon is given by e=/7U, where e is the 
energy per photon, h is Planck' s constant, and u is the frequency of light, u is 
inversely proportional to the wavelength of the light. Thus, it can be seen that the 



wo 2004/036564 




CT/JP2003/012800 



shorter the wavelength, the higher the energy e. 

Also, such high-energy light will give more and more damage on optical 
elements, which are usually made of crystals or polymers. For example, a PIN 
photodiode, which is often used as a photpdetector, will gradually decrease its 
5 sensitivity when exposed to a blue ray for a long time. 

Furthermore, as the sensitivity of such.d photodetector decreases, the 
. controlled laser power also varies, which is a nbn-hegligible problem. In the 
conventional techniques mentioned above, the laser power control system carries 
* out a feedback control so that the output (current value) of the photodetectpr gets 
10 - equal to a target value. Accordingly, once the sensitivity of the photodetector has 
decreased, the output (current value) thereof will also decrease even if the 
photodetector has received the laser beam of the same intensity. As a result, the 
feedback control works such that the output (current value) of the photodetector 
approaches the target value. Consequently, the laser power will increase beyond 
15 its original level. 

In the technique of finding the best write power to obtain the best readout 
signal while sequentially changing the write power and actually writing test data 
on the optical disc, the write power can still be optimized even If the sensitivity of 
the photodetector has decreased. This is because this technique enables the 

6 
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target value to be controlled, thereby redefining the output of the photbdetector at 
a lower value once the sensitivity of the photodetector has decreased. 

The conventional optical disc drives may sometimes optimize the write 
power but none of those optical disc driyes has ever been designed to control the 

5 read power. This is b^use nobody has ever beilieved that the deterioration in 
read stability, which should be caused by the increase in read po>A/er when the 
sensitivity of the photodetector decreases, would bring about a serious problem. 
Accordingly, in the conventional optical disc drives, when the sensitivity of the 
photodetector decreases In a long-time exposure, the data will be read out with a 

10 laser beam that has so high a leyel as to crystallize the recording marks partially, 
thus also resulting in the read light induced deterioration. 

DISCLOSURE OF INVENTION 

In order to overcome the problems described above, preferred 
15 embodiments of the present invention provide an optical disc drive that can 
control its laser light source with appropriate read power even when the 
sensitivity of Its photodetector decreases. 

An optical disc drive according to a preferred embodiment of the present 
invention preferably includes a laser light source, a first photodetector, a second 

7 
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photodetector, and a feedback control loop. The laser light source preferably 
emits a laser beam of which the Intensity is changeable with the amount of 
drive current supplied thereto. The first photodetector preferably receives a 
portion of the laser beam that has been emitted from the laser light source and 

5 then reflected from an . optical disc, thereby generating a readout signal. The 
second photodetector preferably receives another portion of the laser bearri that 
has been emitted from the laser light source, generates an electric signal of NMiich 
the level represents the power of the laser beam received, and outputs the 
electric signal as a light quantity detection signal. The feedback control loop 

10 preferably compares the level of the light quantity detection signal with a 
predetermined target value and preferably controls the amount of the drive 
current so that the level of the light quantity detection signal approaches the 
target value. In reading data from the optical disc, the target value is preferably 
changed so as to compensate for a variation of the sensitivity of the second 

15 photodetector, thereby controlling the power of the laser beam emitted from the 
laser light source. 

In one preferred embodiment of the present invention, the target value is 

preferably set to a lower value as the sensitivity of the second photodetector 

decreases from its initial value. 

20 In another preferred embodiment, the optical disc drive preferably further 

8 



wo 2004/036564 




'CT/JP2003/012800 



includes: target value setting means for sequentially changing the target value in 
writing data on the optical disc and eventually the power of the laser beam 
emitted from the laser light source; rtieans for writing information on the optical 
disc with tlie power bjeing clidnged sequentially; best power searching means 

5 for determining the best target value to write, the data on the optical disc by the 
readout signal obtained from the inforrnation that has been written on the optical 
disc; and means for determining a target value for reading the data from the 
' optical disc based on the best target value to write the data on the optical disc. 

In still another preferred embodiment, the target value for reading the data 

10 from the optical disc 19 preferably defined to be a constant number of times as 
large as the best target value to write the data on the optical disc. 

In yet another preferred embodiment, the best power searching means 
preferably determines the best target value to write the data on the optical disc 
by the alternating current amplitude of the readout signal. 

15 Alternatively, the best power searching means may determine the best 

target value to write the data on the optical disc by a duty cycle of the readout 
signal. 

In yet another preferred embodiment, the optical disc drive preferably 

further includes a memory element to store a value representing a difference 

20 between a target value, which is derived from information that is pre-stored on 

9 
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the optical disc about the power of the. laser beam in writing the data on the 
optical disc, and the target value determined by tiie best power searching means. 

In this particular preferred. embodiment, the value stored on the memory 
element is preferably recorded as marjagenient information on the optical disc. 

5 In yet another preferred embodiment, the target value, derived from the 

iriforririation thdt is pre-stored on the optical disc, is preferably corrected with the 
value stored on the merhoiy element to represent the difference, and the 
corrected target value is preferably used in reading the data from the optical disc. 
In this particular preferred embodiment, the optical disc drive preferably 

10 further includes decision means for obtaining a timer upper limit value using the 
value stored on the memory element to represent the difference and a timer, 
which keeps counting until its count reaches the timer upper limit value. When 
the count of the timer reaches the timer upper limit value, the value stored on the 
memory element to represent the difference Is preferably updated into a new 

15 value. 

An optical disc drive driving method according to a preferred 

embodiment of the present invention is a method for driving an optical disc 

drive that includes a laser light source, a first photodetector, a second 

photodetector and a feedback control loop. The laser light source preferably 

20 emits a laser beam of which the intensity is changeable with the amount of 

10 
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drive current supplied thereto. The first photodetector preferably receives a 
portion of the laser beam that has been emitted from the laser light source and 
then reflected from an optical disc, thereby generating a readout signal. The 
second photodetector preferably receives another portion of the laser beam 

5 that has been emitted from the jaser light source, generates an electric signal 
of which the level represents the power of the laser beam received, and 
outputs the electric signal as a light quantity detection signal. The feedback 
control loop preferably compares the level of the light quantity detection signal 
with a predetermined target value and preferably controls the amount of the 

10 drive current so that the level of the light quantity detection signal approaches 
the target value. The driving method preferably includes the steps of: sensing 
a decrease in the sensitivity of the second photodetector while reading data 
from the optical disc; decreasing the target value as the sensitivity of the 
second photodetector decreases ; and regulating the amount of the drive 

IS current such that the level of the light quantity detection signal approaches the 

decreased target value while reading the data from the optical disc, thereby 

controlling the power of the laser beam emitted from the laser light source. 

Other features, elements, processes, steps, characteristics and 

advantages of the present invention will become more apparent from the 

20 following detailed description of preferred embodiments of the present 

11 
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invention witli reference to tlie attaclied drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram showing a configuration for an optical disc drive 
5 according to a first specific preferred epibodiment of the present irivehtipn. 

FIG. 2 shows relationships between write powers and ttie waveforms of 
readout signals in the optical disc drive shown in F 

FIG. 3 is a plan view of an optical disc 1 for use in the optical disc drive 
shown in FIG. 1 . 

10 FIG. 4 is a block diagram showing a configuration for an optical disc drive 

according to a second specific preferred embodiment of the present invention. 

Portions (a), (b) and (c) of FIG. 5 show relationships between laser 
powers and the outputs (light quantity detection signals PD) of the photodetector 
2b. 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 

EMBODIMENT 1 

Hereinafter, an optical disc drive according to a first specific preferred 

embodiment of the present invention will be described. 

20 First, referring to FIG. 1, shown is a block diagram of an optical disc drive 

12 
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according to tliis preferred embodiment As sho\Am in FIG. 1, tlie optical disc 
drive of this preferred embodiment preferably includes an optical pickup 2 for 
optically accessing a target track on an optical disc 1 loaded and a signal 
processing section for processing the output electric signal of the optical pickup 2. 
. 5 The optical ptekup 2 is preferably fixed at the end of an arm (not shown) and 
preferably carries out operations of bpticaliy reading or writing data frpm/on a 
target track on the optical disc 1 . 

The optical disc 1 rotating is accelerated by a motor (not shown). A laser 
beam is emitted from the optical system of the optical pickup 2, thereby forming a 

10. laser beam spot on the data storage layer of the rotating optical disc 1 . 

The optical pickup 2 preferably includes a laser light source 2c that emits a 
laser beam with a wavelength of about 450 nm or less, a first photodetector 2a 
and a second photodetector 2b. The laser light source 2c emits a laser beam, 
the intensity of which is controlled by the amount of drive current supplied from a 

15 driver amplifier 22. The laser beam, emitted from the laser light source 2c, is 
focused by an objective lens (not shown) located on an actuator (not shown, 
either), fliereby forming a beam spot on the data storage layer of the optical disc 
1 . The optical disc drive preferably carries out tracking control and focus control 
operations such that the beam spot follows predetermined tracks on the optical 

20 disc 1. These control operations may be carried out by known techniques. 

13 
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The first photodetector 2a preferably receives a portion of the laser beam 
that has been emitted from the laser light source 2c and then reflected from the 
optical disc 1, thereby generating a readout signal RF by way of a buffer amplifier 
23. The second photodetector 2b preferably receives another portion of the laser 

5 beam that has been emitted from the laser light source 2c, generates gn electric 
signal of which the level represents, the powier of Ihe laser beam received, and 
then outputs the electric signal aS a light quantity detection signgil PD by way of 
another buffer amplifier 21- 

The light quantity detection signal PD is preferably supplied to a 

10 comparator 9, which compares the level of the light quantity detection signal PD 
with a predetermined target value PVAL The optical disc drive of this prefenred 
embodiment preferably further includes a feedback control loop for regulating the 
amount of the drive current supplied to the laser light source 2c such that the 
level of the light quantity detection signal PD approaches the target value PVAL 

15 The target value PVAL to be compared with the level of the light quantity 

detection signal PD at the comparator 9 is preferably set by target value setting 

section 6. The driver amplifier 22 is preferably controlled so that the difference 

between the level of the light quantity detection signal PD and the target value 

PVAL becomes equal to a predetermined value (which is typically zero). More 

20 specifically, if the level of the light quantity detection signal PD is lower than the 

14 
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target value PVAL, then the amount of the drive cun-ent to be supplied from the 
driver amplifier 22 to the laser light source 2c increases, thereby raising the 
power of the laser beam being emitted from the laser light source 2c. When the 
laser power rises, the level of the light quantity detection signal PP will also rise. 

5 As a result, the level of the light quantity detection signal PD will approach the 
target value PVAL and the difference betut/een them will become narrower. Qn 
the other hand, if the level of the light quarrtity detection signal PD has exceeded 
the target value PVAL, then the amount of the drive current supplied from the 
driver amplifier 22 to the laser light source 2c . will decrease to narrow the 

10 difference. 

In this manner; this feedback control loop conb'ols the laser power so that 

the level of the light quantity detection signal PD be equal to the target value 

PVAL. Accordingly, if the sensitivity of the laser power detection system, 

including the second photodetector 2b, were unchangeable, then the power of 

15 the laser beam emitted could always be kept constant through this feedback 

control. Actually, however, the sensitivity of the second photodetector 2b 

normally decreases gradually as described above. In that case, even if a laser 

beam having the same power is still being emitted from the laser light source 2c, 

the level of the light quantity detection signal PD decreases. Then, the feedback 

20 control loop will increase the drive cunrent to keep the level of the light quantity 

15 
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detection signal PD equal to the target value PVAL. As a result the laser power 
will increase oonrespondingly. 

Portions (a), (b) and (c) of FIG. 5 show how the output (light quantity 
detection signal PD) of the second photodetector 2b changes its level as the 

5 sensitivity of the second photodetector 2b decreases. For example, portion (b) of 
FIG. 5 shows the power of the laser beam after the sensitivity has decreased and 
its associated level of the light quantity detection signal PD. In the stete shown In 
portion (b) of FIG. 5, the feedbacl< control to increase the drive current has not yet 
been canied out even though the level of the light quantity detection signal PD 

10 has decreased. On the other hand, portion (c) of FIG. 5 shows the power of the 
laser beam after the feedlsack control has been carried out and its associated 
level of the light quantity detection signal PD. As can be seen fi'om portion (c) of 
FIG. 5, the laser power increases so as to recover the decreased level of the light 
quantity detection signal PD up to the target value. 

15 In writing data on the optical disc 1, the best write power should be 

determined so as to compensate for a difference of the writing characteristic of 

optical discs 1. Once the best write power is determined, its associated target 

value PVAL is supplied to the comparator 9. In this manner, the target value 

PVAL can be defined according to the best write power even though the 

20 sensitivity of the second photodetector 2b has changed. Consequently, tiie write 

16 
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power is not affected by the sensitivity ciiange of tlie second pliotodetector 2b 
witli time. 

In tlie conventional optical disc drive, liowever, tlie target value PVAL is 
fixed with respect to the read power as described above. Accordingly, as the 
5 sensitivity of the second photodetector 2b decreases, the read power increases. 

To overcx>nie. .1hl$ problenri, in reading data from the optical disc 1, the 
optibal disc drive of this preferred embodimient chahjges the larget value PVAL so 
as to compensate for the variation of the sensitivity of the second photodetector 
2b, thereby controlling the power of the laser beam being emitted from the laser 
10 light source 2c. More specificaliy,.the best powerlo write data on the optical disc 
is determined first, and then best read power is determined by the best write 
power. This point will be described in detail. 

First, the controller 7 shown in FIG. 1 sweeps the target value setting 

section 6 so as to sequentially change the target value PVAL of the feedback 

15 control loop within a range in which data can be written on the optical disc 1 . For 

example, data (mark) is gradually written while the target value PVAL of the 

feedback control loop is sequentially increased from P1 to P2, from P2 to P3, 

from P3 to P4, and so on, where P1<P2<P3<P4<.... When PVAL=P1, the 

amount of the drive current supplied is controlled so as to make the ou^ut signal 

20 level of the second photodetector 2b equal to P1 . In such a state, data is written 

17 
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on the optical disc 1. Specifically, the signal generator 13 shown in FIG, 1 
outputs an infomiation signal ISIG to a modulator 14, thereby modulating the 
drive current with the information signal ISIG. As a result, the amount of the drive 
cunrent supplied increases so as to make the output level of the second 

5 prtotodetector 2b equal'to P2 and the information sfgnal ISIG is written on ttie 
optical disc 1 with tlie increased drive cun'ent supplied, this infprmation signal 
ISIG may be written on a predetertnined track 102 ph the optical disc shown in 
FIG. 3. for example. In this case, the information signal lSIG may be a pure tone 
signal, a test pattern with a certain degree of regularity or even a random signal. 

10 Next, when the target value setting sedtion 6 switches the state PVAL=P2 

into the state PVAL=P3, the amount of the drive cunrent supplied will be 
controlled so as to equalize the output level of the second photodetector 2b with 
P3. Then, the data (i.e., the information signal ISIG) will be written on the optical 
disc in that state. 

15 In this manner, first, the target value PVAL is changed sequentially and 

gradually, the write power is redefined accordingly, and then predetermined data 

is written on the optical disc with the redefined write power. Thereafter, the data 

that has been written on the optical disc will be read out from the optical disc by 

focusing a reading laser beam having a predetennined level thereon. The data 

20 will be read by getting the reading laser beam reflected from the optical disc and 

18 
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received at the first pliotodetector 2a. Tlie output signal of tlie first pliotodetector 
2a will be supplied as the readout signal RF by way of the buffer amplifier 23. 

FIG. 2 schematically shows the waveforms of the readout signals RF 
obtained by reading the data (i.e., the infonmation signal ISI6) that has been 
5 written in the sequence described above. As shown in FIG. 2, if the data is 

• • • • . * • 

gradually written while the target value PVAL of the write power is. seiquentially 
increased from Pi to P2, firom P2 to P3, from PS to P4, and so on, ttien the 
waveform of the readout signal changes with the level of the write power. 

Specifically, P1, P2, P3, and so on that are selected as the target values 

10 PVAL of the feedback control loop may be digital codes 18H. '19H, lAH and so 
on that uniquely conrespond to the optical outputs of aboiA 2 mW, about 2.5 mW, 
about 3.0 mW and so on. It should be noted that the values of these optical 
outputs are defined on the supposition that the sensitivity of the second 
photodetector 2b never deteriorates. Accordingly, when the sensitivity of the 

15 second photodetector 2b deteriorates, the power of the laser bearn being emitted 
from the laser light source 2g actually increases even if the teirget value PI 
remains the same. 

As described above, if the data that has been written with the write power 

changed sequentially is read, then the readout signals RF with mutually different 

20 wavefonns are obtained as shown in FIG. 2. The amplitude of the readout signal 
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RF (including the amplitude of the AC component and the amplitude of the DC 
component thereof) changes with the write power. Accordingly, the best write 
power can be found by this amplitude. 

As shown in FIG. 1, the optical disc drive of this preferred embodiment 

5 preferably further includes signal amplitude detecting section 3 for detecting the 
amplitude of the readout signal RF and best power searching section 5 for 
determining the best write power in reference to the signal amplitude detected. 
The best power searching section 5 preferably searches for the best write power 
level with the amplitude of the readout signal RF (e.g., the AC amplitude, in 

10 particular). The reasons are as follows. The higher the write poWer, the greater 
the amplitude of the DC component of the readout signal RF. In contrast, if the 
write power increases excessively, then the amplitude ARF of the AC component 
will rather decrease due to the saturation of the data stroage layer on the optical 
disc and the signal quality will rather drop. Accordingly, the write power, at which 

15 the amplitude ARF of the AC component of the readout signal RF is maximized, 

is preferably found and determined as the best write power. 

In the example shown in FIG. 2, when the target value PVAL (oc the 

emission power) for a data write operation is set equal to P3, the amplitude ARF 

of the readout signal RF is 0.48, which is the maximum value. The signal 

20 amplitude detecting section 3 detects the amplitude ARF of the readout signal 

20 
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RF- The best power searching section 5 determines the target value PVAL for 
the data write operation according to the amplitude ARF. In the example shown 
In FIG. 2, the best power searching section 5 defines the target value PVAL for 
the data write operation at P3. The target value PVAL in writing data defines the 

5 ' best write power. Thus, P3 in tlie example shown in FIG. 2 will be sometimes 
referred to herein as "the best write power? . 

On the. other hand, management infomriation about the beist write power on 
the optical disc 1 is preferably pre-stored on the optical disc 1. For example, 
management information having the correspondence shown in the following 

10 Table 1 may be stored on a particular frack 101 on the opticai disc 1 as' shown in 
FIG. 3: 



Table 1 



PX 


PI 


P2 


PS 


P4 


P5 


vo 


0.2 


0.3 


0.4 


0.5 


0.4 



In Table 1, PX on the 1^ row represents the write power defined at PI, P2, PS, 

P4 or P5, while VO on the 2^^ row represents the expected amplitude ARF of the 

15 readout signal RF to be obtained by reading the data that has been written with 

the write power. The contents of this Table 1 are preferably stored as digital 

information on the management area of the optical disc 1. In this example, when 

the write power PX is defined at P4, the expected value VO of the amplitude ARF 
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of the readout signal RF is 0.5, which is the maximum value. When the optical 
disc on which such digital infonmation is stored is loaded into the optical disc 
drive, the optical pickup will access the management area of the optical disc to 
read out the management information and define the laser write power at P4. 

5 . Generally speaking, the contents of the digital infomiation stored on one 

optical disc aris different from those of the digital informatiph stored on another. 
This is because even if recording marks have been fonhed on these two optical 
discs wjth the same laser write power, the shapes of the recording marks may still 
be different from each other according to the structures of the optical discs and 

ip the diaracteristics of the data storage layers thereof. 

To define the contents of the digital information such as that shown in 
Table 1 for each optical disc, the manufacturer may test the optical disc to be 
shipped by actually trying writing data on the frack 102 of the optical disc with an 
accurately calibrated, standard recorder and then measuring the amplitudes ARF 

15 of the readout signals RF. Then, based on the measured amplitudes, the 
manufacturer may define the relationship between the write power PX defined 
and the expected value VO of the amplitude ARF of the readout signal RF. The 
digital information representing this relationship is written on each optical disc 
being tested and to be shipped. 

20 It should be noted, however, that if there is only a slight variation in the 



wo 2004/036564 




'CT/JP2003/012800 



property of the data storage layer among multiple optical discs, then not all of 

those optical discs have to be tested before shipment. In that case, the digital 

information with the same contents may be stored on all optical discs belonging 

to the same production lot. Such digital information may be recorded as either 

5 embossed pits or wobbled grooves on the optical discs being manufactured. 

Ip the optical disc drive of this preferred embodiment; the management 

infomtiatibn. vyritten on the optica) disc is extracted by reference information 

reading section 4 from the readout signal RF obtained by the first photodetector 

2a. The reference information reading section 4 may be implemented as a 

10 digitizer, a PLL or a digital demodulator (or decoder). 

In the example shown In FIG. 2, the target value PVAL of the best write 

power, obtained by writing data on the track 101 with the target value PVAL 

sequentially changed and by reading the written data, is P3. Meanwhile, 

according to the management information stored on the optical disc, the best 

15 write power PX Is P4 as shown In Table 1 . 

Supposing that the sensitivity of the second photodetector 2b has not 

decreased, the data is preferably written with a power that is lower than the 

scheduled best write power P4 by "P4— P3". This means that the optical disc 1 

has increased its recording sensitivity as compared with ttie as-manufactured 

20 one. However, that would never happen actually. Thus, the decrease in the best 
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write power should be caused by the decrease In the sensitivity of the second 
photodetector 2b. That is to say, once the output of the. second photodetector 2b 
has decreased, the photodetector 2b will keep outputting the same amount of 
current as that output in response to the laser beam with the write power P3 even 
if the laser light source 2c is actually radiating a laser beam with the best write 
power P4. As a result, the write power P3 is apparently regarded as the best 
write power as shown in FIG. 2. Accordingly, the absolute value of the differenoe 
"P4-P3" may be used as an indicator representing the degree of deterioration 
In the recording sensitivity of the second photodetector 2b. 

in this preferred embodiment, the best write power is preferably 
determined by the best power searching section 5 and target value setting 
section 6 under the control of the controller 7, and not only the write power but 
also read power are controlled by reference to this best write power. As a result, 
the read power can be defined so as to achieve the highest SNR without causing 
any read light induced deterioration. 

The present Inventors discovered that the read power-write power ratio k 

of the best read power to the best write power is substantially detennlned by the 

composition (e.g., Ge-Te-Sb) of the data storage layer of an optical disc. Thus, 

based on this discovery, the best read power is defined proportionally to the best 

write power In this prefen^d embodiment. That is to say, the target value PR of 
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the best read power is determined by the equation PR=KXP3. Specifically, after 

PVAL=P3 Is determined as a result of the best write power search, the target 

values to be supplied to the comparator 9 are changed via a switeh 11. More 

specifically, the state In which the best write power P3 is supplied from the target 
5 value setfing section 6 to .the comparator 9 is switched into a state in which a 

signal having a level KXP3 is supplied as the target value of the read power in 

the control loop to tile comparator 9 by way of a K multipi^^^ 

The read power determined in this manner is calculated from the recording 

sensitivity of the optical disc 1 . Thus, no read light induced deterioration occurs 
10 because the read power has been determined in reference to the recording 

sensitivity of the optical disc 1. 

It should be noted that the deterioration in photosensitivity may occur not 

only in the second photodetector 2b but also in the first photodetector 2a as well. 

However, the deterioration in tiie sensitivity of tiie first photodetector 2a should 
15 not affect the best write power. This is because the best write power is 

detemnlned according to multiple readout signal amplitudes tiiat are associated 

with multiple write powers as shown in FIG. 2. 

It should be noted that the best write power does not have to be 

determined by the exact method adopted in the preferred embodiment described 
20 above. In the method of this prefenred embodiment, tiie best write power is 
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searched for by measuring the amplitudes of readout signals representing the 
data that was written with multi-stage powers. Alternatively, the best write power 
may also be determined by the duty ratios (I.e., the ratio of the Hevel to the H- 
level) of the readout signals. 

5 Another specific method of searching for the ^est write power will b%^ 

described. ; ^ 

. Suppose the duty ratio Is 1 to 1 in an original write signal. For example, 
suppose the original write signal is represented by "1111 00001 111 0000. . . " . In 
that case, if the signal is written with the best write power, then the signal will 

10 have a duty ratio of approximately 1 to 1 . However, if the write power has shifted 
from its best level, then the duty ratio will no longer be 1 to 1 as shown in FIG. 2. 
Accordingly, by searching for a write power that will result in the duty ratio of 
about 1 to 1 , the target value PVAL of the best write power can be obtained. The 
best read power can be obtained based on this value by the same method as that 

15 described above. 

When the target value PVAL of the best write power (I.e., P3 in the 
preferred embodiment described above) is obtained by any of various methods, 
the difference between that target value PVAL and the best setting PX (i.e., P4 in 
the preferred embodiment described above) as defined by the management 

20 information on the track 101 of the optical disc 1 becomes clear. As described 
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above, this difference represents how much the photodetector has deteriorated. 
The deterioration of the photodetector does not advance so rapidly. Accordingly, 
once the degree of deterioration is known by the best write power PVAL 
obtained, the value representing the degree of deterioration may be stored on the 
5 memory of the optical disc drive and the information on the mernory may be used 
for a predeterrhihed peribdof tinie. - . 

For exarnpie, in the optical disc drive shown in FIG. 1, the difference PE 
(=P3— P4), representing ttie degree of deterioration of tiie photodetector, Is 
obtained by error detecting section 12 and then stored on a memory 8. In newly 
10 determining a read power, the difference PE may be added to the best setting PX 
derived from the management Information on the optical disc. In this manner, the 
best read power can be determined. 

If the best setting PX derived from the management information on the 
optical disc is P4 as in tlie example shown in Table 1, the best read power is 
15 given by: 

P4+PE=P4+(P3-P4)=P3 

As described above, P1, P2, P3, P4 and so on are respective settings 
con-esponding to multiple write powers. However, the setting PX as defined by 
the management infomiation on the track 101 does not have to be equal to P1, 

20 P2, P3 ... of this prefenned embodiment. The management information may have 
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any format as long as a unique relationship is satisfied between the setting to be 
used as the target value PVAL and the setting as defined by the management 
Information. For example, the management Infonnatlon stored on the optical disc 
may include write power settings Q1, Q2, Q3, ... (where P1<Q1<P2 and P2< 

5 Q2<P3), which are different from multi-stage settings expected by the optical 
disc drive, and their associated amplitudes VO. In that case, the amplitudes 
cpnresponding to PI, P2, P3 and so on rnay be calculated by subjecting the 
management infonmatlon. read out from the optical disc, to curvilinear 
interpolation. Also, the number of data included in the management infonnation 

10 on the optical disc does not have to be equal to that of data prepared by the 
optical disc drive. 



EMBODIMENT 2 

Hereinafter, an optical disc drive according to a second specific preferred 
15 embodiment of the present invention will be described with reference to FIG. 4. 
The optical disc drive of this prefen-ed embodiment includes almost all 
components of the optical disc drive shown in FIG. 1 except that the best power 
searching section 5 is replaced by best power seardiing section 51. Also, the 
optical disc drive of this preferred embodiment further includes decision section 
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15 and a timer 16. In the optical disc drive Including these alternative or 
additional components, If the second photodetector 2b has been found hardly 
deteriorated, the best power search does not have to work to determine the read 
power but the laser light source 2g is driven with the initial read power PRO used 
5 as the target value. 

. In th$ optical disc driye .shovyn in FIG. 4, each cortipoheht, identified by the 
same reference numeral as the oDunterpart of the optical disc drive shown in FIG. 
1, has the same function and configuration as the counterpart, and the 
description thereof will be omitted herein. 

10 In this preferred embodiment, first, the best power searching section 51 is 

started to write data on the optical disc 1 with write powers PI, P2, P3, P4 and so 
on and search for the best write power. The best write power found In this 
manner Is multiplied by the constant K, thereby obtaining the read power PR. 

In this processing method, data can be read from the optical disc with the 

15 best read power that has been defined so as to cause no read light induced 

deterioration even if the second photodetector 2b has deteriorated. However, 

even if tiie optical disc 1 has been loaded into the optical disc drive just for the 

purpose of reading data therefrom, a series of processing, including a write 

operation to search for the best write power, will be carried out automatically, tiius 
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delaying the start of the data read operation after the disc has been loaded. Thus, 
to get the optical disc drive started in a shorter time, the optical disc drive of this 
preferred embodiment has the function of selectively performing the best power 
search only when it is needed. 

5 In this preferred, embodiment, when loaded with the optical disc, the optical 

disc drive reads management information from the disc. Then, the error 
detecting section 12 calculates the difference PE between the setting PX as 
defined by the management information and the best power found, and writes the 
difference PE on the memory 8. At this point in time, information about the 

10 difference PE is supplied to the decision section 15: Based on this difference PE, 
the decision section 15 calculates the timer upper limit value Tmax, i.e., the 
amount of time in which the best power search will be started next time. The 
decision section 15 may obtain the timer upper limit value Tmax In accordance 
with the following function: 

15 Tmax=C/PE (PEERED) 

=C/PEO (PE<PEO) 

where C Is a constant. Specifically, 

If PE<0.1 mW, then Tmax=100 hours, 
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If PE==0.2 mW, then Tmax=50 hours, and 
If PE=1.0 mW, then Tmax=10 hours. 

The timer upper limit value Tmax calculated is supplied to the timer 16. In 
response, the timer 16 starts counting and stops generating an enable signal 

5 ENB until the count reaches Tmax. When generated, the enable signal ^NB will 
be supplied to the best power searching section 51 and switch 17. It is not until 
. this enable signal ENB is asserted that the best power searching section 51 
starts the series of operations described above. Also, the initial fixed value PRO 
is always supplied as the target value of the read power to the best power 

10 searching section 51. For example, if the difference PE between the setting and 
the best power found is 0.1 mW, then the next search will not be started until 100 
hours later even if the optical disc drive has just been started. 

In the optical disc drive of this preferred embodiment, the smaller the 
degree of deterioration of the second photodetector 2b, the longer the interval at 
15 which the best power search is carried out Thus, it is possible to avoid the 
unwanted situation where the period of time to start the optical disc drive extends 
excessively. It should be noted that the timer 16 preferably performs the counting 
operation only while the optical disc drive is ON and preferably holds the previous 
count if the optical disc drive Is OFF. 
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The embodiments of the present Invention as described above comprise 
the signal amplitude detecting section 3, reference infonnation reading section 4, 
best power searching section 5, target value setting section 6, and error detecting 
section 12. These constituent elements of the signal processing section can be 
5 comprised of hardware or a combination of hardware, and software, 

. It should b^ understood that the foregoing description is only illustrative 
of the invention. Various alternatives and modifications can be devised by 
those skilled In the art without departing from the invention. Accordingly, the 
present invention is intended to embrace all such alternatives, modifications 
10 and variances which fall within the scope of the appended claims. 

INDUSTRIAL APPLICABILITY 

The present invention provide s an optical disc drive that can control its 
laser light source with accurate read power even if its photodetector has 
15 deteriorated due to exposure to a short-wave laser beam for a long time. 
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CLAIMS 
1. An optical disc drive comprising: 

a laser light source for emitting a laser beam of which the intensity is 
changeable with the amount of drive current supplied thereto; 
5 a first photodetector, which receives a portion of the laser beam that has 

been emitted from the laser light source and then reflected fir^om an optical disc, 
thereby generating a readout signal; . . 

a second photodetector. which receives another portion of the laser beam 
that has been emitted from the laser light source, generates an electric signal of 
10 which the level represents the power of the laser beam received, and outputs the 
electric signal as a light quantity detection signal; and 

a feedback control loop, which compares the level of the light quantify 
detection signal with a predetermined target value and controls the amount of the 
drive current so that the level of the light quantity detection signal approaches the 
15 target value, 

wherein in reading data from the optical disc, the target value is changed 
so as to compensate for a variation of the sensitivity of the second photodetector, 
thereby confrolling the power of the laser beam emitted from tiie laser light 
source. 

20 
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2. The optical disc drive of claim 1 , wherein the target value is set to a 
lower value as the sensitivity of the second photodetector decreases from its 
Initial value. 

5 3. The optical disc drive of claim -1 or 2, coniprising: 

target value setting means for sequentially changing the target value in 
writing date on the optical disc and eventually the power of the laser beam 
emitted from the laser light source; 

means for writing infomnatlon on the optical disc with the power being 
10 changed sequentially; 

best power searching means for detenmlning the best target value to 
write the data on the optical disc by the readout signal obtained fi-om the 
infomiation that has been written on the optical disc; and 

means for detemiining a target value for reading the data from the optical 
15 disc based on the best target value to write the data on the optical disc. 

4. The optical disc drive of one of claims 1 to 3, wherein the target value 
for reading the data from the optical disc is defined to be a constant number of 
times as large as the best target value to write the data on the optical disc. 

20 
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5. The optical disc drive of claim 3, wherein the best power searching 
means detemiines the best target value to write the data on the optical disc by 
the alternating cun-ent amplitude of the readout signal. 

5 6. The optical disc drive of claim 3, wherein the best power searching 

means determines the best target value to write the daita on the optical disc by a 
duty ratio of the readout signal. 

7. The optical disc drive of claim 3, further comprising a memory element 
10 to store a value representing a difference between a target value, which is 
derived from information that is pre-stored on the optical disc about the power of 
the laser beam in writing the data on the optical disc, and the target value 
determined by the best power searching means. 

15 8. The optical disc drive of claim 7, wherein the value stored on the 

memory element is recorded as management information on the optical disc. 

9. The optical disc drive of claim 7 or 8, wherein the target value, derived 
from the infomriation that is pre-stored on the optical disc, is conrected vwth the 

20 value stored on the memory element to represent the difference, and 
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wherein the corrected target value Is used in reading the data from the 
optical disc. 

10. The optical disc drive of claim 9, further comprising: 

5 decision means for obtaining a timer upper limit value using the value 

stored on the nriemory elenient to represent the difference; and 

a timer,, which kfeeps counting until its count reaches the timer upper lirnit 

value, 

wherein when the count of the timer reaches the timer upper limit value, 
10 the value stored on the memory element to represent the difference is updated 
into a new value. 

1 1 . A method for driving an optical disc drive that includes a laser light 
source, a first photodetector, a second photodetector and a feedback control 

15 loop, wherein the laser light source emits a laser beam of which the intensity is 
changeable with the amount of drive current supplied thereto; the first 
photodetector receives a portion of the laser beam that has been emitted from 
the laser light source and then reflected from an optical disc, thereby generating 
a readout signal; the second photodetector receives another portion of the laser 

20 beam that has been emitted from the laser light source, generates an electric 
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signal of which the level represents the power of the laser beam received, and 
outputs the electric signal as a light quantity detection signal; and the feedback 
control loop compares the level of the light quantity detection signal with a 
predetemnined target value and controls the amount of the drive cun-ent so that 
5 the level of the light quantity detection signal approaches the target value, 
the method comprising the steps of: . 

sensing a decrease in the sensitivity of frie second photodetector \Me 
reading data from the optical disc; 

decreasing the target value as the sensitivity of the second photodetector 
10 decreases ; and 

regulating the amount of the drive cunrent such that the level of the light 
quantity detection signal approaches the decreased target value while reading 
the data from the optical disc, thereby controlling the power of the laser beam 
emitted from the laser light source. 
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